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Aims
To summarize eight systematic review (SR) reports that examined evidence supporting causal relationships between bending/twisting, awkward postures, sitting, standing/walking, carrying, pushing/ pulling, lifting and manual handling/assisting patients and LBP.
Methods
A literature search was conducted to identify eligible studies. Methodological quality was assessed using a modified Newcastle-Ottawa Scale (NOS). Levels of evidence supporting factors for causation were examined using a Bradford Hill framework. Results were presented in eight SR reports, each focused on one or more related physical activities. This study summarizes findings from those reports and offers clinicians an overview.
Introduction
Low back pain (LBP) has an undisputable negative impact in Western Society [1] . The lifetime prevalence of LBP in Canada has been estimated at 84%, with a 6-month prevalence of 49% and a point prevalence of 28% [2] . Although the clinical course of LBP varies considerably, 11% of the general population experiences LBP at any given time [2] and up to 8% of the workforce is disabled due to LBP [3] . Amongst chronic diseases in Canada, LBP is the condition with the highest degree of health care use in the working-age population, resulting in a heavy economic burden [4, 5] .
The poorly understood aetiology of LBP is reflected by the multitude and diversity of suspected risk factors [6, 7] . Given that LBP commonly afflicts working adults, resulting in lost productivity with far-reaching economic consequences [8] , occupational risk factors continue to be of interest. If occupational factors causing LBP were identified, primary prevention could attempt to limit or modify exposure and guidance could be provided to stakeholders involved in the adjudication of compensation for occupational LBP.
Occupational risk factors commonly thought to be associated with LBP include heavy physical work, a static work posture, repetitive bending, twisting, lifting and whole-body vibration [9, 10] . Other occupational risk factors include psychological issues such as satisfaction with relationships between colleagues or supervisors, job monotony/repetitiveness, work satisfaction, psychological demands, social support at work and work demands [11] . Several organizations have attempted to characterize occupational risk factors that may lead to musculoskeletal injuries such as LBP [12, 13] , including the World Health Organization, which identified 10 major risk factors associated with musculoskeletal disorders [14] .
Although a clinical study might look at one occupational risk factor in isolation (e.g. handling heavy loads) in order to establish its role in the development of LBP, workers are often exposed to multiple risk factors (e.g. handling heavy loads in an awkward posture, repetitively, while working for an unsympathetic supervisor). Delineating the contribution of one specific occupational risk factor to the development of LBP is therefore complex. Equally challenging is the interpretation of findings from single studies examining only one aspect of a causal relationship between a potential risk factor and outcome.
This challenge is not new. In Bradford Hill's 1965 Presidential Address [15] , the decisive issue was 'whether the frequency of the undesirable event B will be influenced by a change in the environmental feature A'. Bradford Hill went on to outline nine aspects (the terms criteria or considerations are often used interchangeably) of the association between the 'environmental feature' and the 'undesirable event' to consider in the interpretation of causation. Thus, these aspects provide a framework for rigorously evaluating the question of causation between an occupational physical activity (i.e. 'environmental feature') and LBP (i.e. 'undesirable event').
Establishing causation from primary studies has proven difficult because of the limitations imposed by specific research questions, study designs, populations, methodological quality and types of statistical analyses [16] . Systematic reviews (SRs) can summarize evidence across multiple studies, and therefore assess which of the Bradford Hill aspects for causation are supported by the available literature. An SR can also critically appraise the methodological quality of the studies to establish the likelihood that their results are subject to bias or confounding [17, 18] , overcoming two of the main reasons why associations between risk factors and outcomes may be erroneously described as causal when no such relationship exists [19] .
Recently, our group has published eight SR reports [20] [21] [22] [23] [24] [25] [26] [27] relating to occupational physical activities and LBP. The aim of this paper is to succinctly summarize findings from those reports and, more importantly, provide a clinical perspective on the challenges presented by this topic.
Methods
In 2008, our group initiated a comprehensive SR of the literature with the objective of establishing causal relationships between specific occupational physical activities and LBP, defined as pain between the last rib and inferior gluteal fold. Methodological details have been previously published [20] [21] [22] [23] [24] [25] [26] [27] . In short, an extensive literature search was conducted and studies were selected if they fulfilled all the following inclusion criteria: (i) published in English or French, (ii) related to a work-related physical activity (movement, posture, activity), (iii) described the onset of LBP and (iv) described the evaluation of a risk factor, aetiology, causation, or a treatment that addressed a risk factor. Excluded were studies with an unspecified population/exposure/outcome (e.g. too broad); non-scientific studies (e.g. commentaries, letters to the editor); literature reviews/meta-analysis; studies that were related only to treatment (e.g. do not address a specific risk factor); studies of health services research only (e.g. costs of injuries); basic science/biomechanics/cadaveric studies; studies of whole-body vibration only; psychosocial risk factors only; or environmental risk factors only; and those with fewer than 30 subjects exposed.
Collectively, the methodological quality of the 99 studies that met the above eligibility criterion was assessed independently by two reviewers using a modified version of the Newcastle-Ottawa Scale (NOS) for observational studies (e.g. case-control and cohort studies) [18] . Only studies in which five of nine items on the NOS were deemed satisfactory and in which appropriate statistical analysis (e.g. multivariate controlling for confounders) was conducted were considered to be of high methodological quality (maximum score of 9). Data extraction from the resultant 23 high-quality (HQ) studies conducted in 11 different countries (including the Netherlands, UK, Finland, USA and China, but none from Canada) was performed by one reviewer and independently verified by another. The variables considered included: (i) study design, (ii) funding source and conflict of interest, (iii) population and setting, (iv) LBP outcomes used, (v) physical activity, (vi) confounders, (vii) statistical analysis used and (viii) associations reported. Data extraction was focused on capturing the odds ratio (OR) or similar estimate (e.g. relative risk, hazard ratio) for every unique risk estimate involving a specific physical activity and any type of LBP. Each OR (or similar estimate) was extracted separately with details regarding the populations compared, types and levels of physical activities compared and types of LBP measured. Each occupational physical activity studied as a causative factor for LBP in the 23 HQ studies was analysed individually. Outcomes related to LBP were categorized as LBP or injury, sick leave due to LBP, LBP severity and LBP duration.
To assess causation between specific occupational physical activities and LBP, we assessed five of the Bradford Hill aspects [15] : (i) association, (ii) doseresponse, (iii) experiment, (iv) temporality and (v) biological plausibility. Other aspects, such as specificity, were deemed not appropriate for the assessment of causation because of the high prevalence of LBP and thus excluded from the analysis [19] . The criteria used to determine whether each aspect was met are summarized in Table 1 .
Based on previous scales developed to summarize the overall level of evidence [17] , levels of evidence for each of the relevant Bradford Hill aspects were determined for each occupational physical activity and the subcategories of physical activities and LBP (Table 2) .
Due to the total number of studies summarized, as well as the complexity of the methodological framework, we decided to report the results across eight SR reports, each of which focused on one or more related types of specific occupational physical activity, including: (i) bending/twisting, (ii) awkward postures, (iii) sitting, (iv) standing/walking, (v) carrying, (vi) pushing/pulling, (vii) lifting and (viii) manual handling/assisting patients [20] [21] [22] [23] [24] [25] [26] [27] . Results presented in this study summarize the findings from those reports.
Results
As reported previously [20] [21] [22] [23] [24] [25] [26] [27] , none of the occupational physical activities examined (i.e. bending/twisting, awkward postures, sitting, standing/walking, carrying, pushing/pulling, lifting and manual handling/assisting patients) had strong evidence to support a causal relationship with LBP. The analysis for each of the Bradford Hill aspects for causation is outlined in Table 3 , which provides details about levels of evidence supporting specific subcategories of physical activities and LBP.
For example, in reference to the occupational physical activity 'bending', 10 studies scored 5 or higher on the NOS and had the necessary multivariate/adjusted statistical analysis to be classified as HQ studies (i.e. HQ study: n 5 10). From these 10 HQ studies, 10 different subcategories of bending (e.g. trunk flexion ,20°) and LBP [e.g. LBP or injury (chronic)] were identified. Data for each of these 10 different subcategories for bending and LBP, drawn from one or more HQ studies, were then assessed against the five specific Bradford Hill aspects for causation (i.e. association, dose-response, experiment, temporality, biological plausibility). Evidence from the 10 HQ studies was labelled as strong, moderate or conflicting and then grouped together to provide an overall measure across studies. For association, 5/10 subcategories of bending and LBP reported a moderate positive (yes) effect, 4/10 reported a moderate or strong negative (no) effect and 1/10 had a conflicting effect. For dose-response, 5/10 subcategories of bending and LBP reported a moderate or strong positive (yes) effect, 2/10 reported a moderate negative (no) effect and 1/10 reported a conflicting effect; the remaining two subcategories were not examined for dose-response. For experiment, none of the 10 HQ studies were able to examine this aspect of causation. For temporality, 2/10 subcategories of bending and LBP reported a moderate or strong negative (no) effect, 1/10 reported a moderate positive (yes) effect and 1/10 reported a conflicting effect; temporality was not assessed for 6/10 subcategories. For biologic plausibility, 4/10 subcategories of bending and LBP reported a moderate negative (no) effect and 1/10 subcategories reported conflicting effect; biological plausibility was not discussed in the other 5/10 subcategories.
In summary, despite reviewing 99 studies that examined various types of occupational physical activities and LBP, few strong conclusions could be made regarding causation. Conflicting evidence for association was identified for bending, lifting, pushing/pulling and twisting, while strong evidence suggesting no causation of LBP was identified for assisting patients, manual handling, carrying, awkward postures, sitting, standing and walking.
Discussion
Occupational health professionals are routinely called upon to manage LBP in patients who report that their condition was caused or made worse by a physical activity performed at work. Clinicians must often attempt to estimate the degree to which an occupational physical activity could have contributed to the onset or exacerbation of LBP. Their assessment thus serves many purposes, including legal considerations (e.g. adjudicating worker's compensation claims) and the recommendation of return to work modifications, both of which carry not only economic consequences but might also influence the prognosis of LBP.
Individual clinical factors of a patient and the best available scientific evidence about the effects of occupational physical activities on workers are the key elements in any such assessment. Alas, it can be difficult to reconcile these two considerations, especially as the evidence evolves and begins to challenge commonly held beliefs. For example, it is often assumed that occupational physical activities such as bending, lifting, sitting or twisting can predispose workers to developing disabling LBP [32] [33] [34] . However, we found only weak or conflicting evidence to support any such potential causal relationship [20] [21] [22] [23] [24] [25] [26] [27] . A number of subcategories of these physical activities did include studies with significant associations, yet the majority of them failed to satisfy any other Bradford Hill aspects for causality. In fact, the only strong evidence for association as well as moderate evidence for a dose-response trend and temporality was found for twisting/bending and severe LBP; however, none of the other subcategories had a strong level of evidence to support any of the objective criteria for causation.
Results of an SR often depend on the quality of the best available literature. We identified a number of methodological weaknesses that likely contributed to our inability to establish strong evidence of causation between occupational physical activities and LBP. For instance, the comprehensive search failed to identify any studies addressing the experimental aspect; most studies were cross-sectional, which does not permit the assessment of temporality; many studies reported only a dichotomous exposure variable (e.g. LBP present/absent), making it impossible to assess a possible dose-response relationship; and very few studies discussed the biological plausibility of the specific occupational physical activity studied and LBP. Other common methodological limitations identified across the 99 studies were (i) not demonstrating the absence of LBP before measuring a potential risk factor, (ii) not using objective measures of a potential risk factor, (iii) not using objective or independent measures of LBP and (iv) poor participation and/or follow-up rates. Studies often also failed to adopt common definitions and terminology for outcomes related to LBP, to report basic data about the study population(e.g. age, gender) and to describe the statistical methods used. Future studies related to this topic should attempt to overcome these weaknesses.
Although single studies focusing on occupational physical activities such as lifting or bending may report positive associations with LBP, an SR that assesses and summarizes all of the best available literature may arrive at different conclusions. For example, such was the case in an SR focusing on the aetiology of carpal tunnel syndrome; by applying the Bradford Hill aspects, Lozano-Calderon et al. [35] found evidence linking repetitive hand use to carpal tunnel syndrome was lacking and that any such occupational factor played 'a minor and more debatable role' alongside structural, genetic and biological factors.
While most clinicians likely understand the basic tenets of an SR, there may be less familiarity with the Bradford Hill framework [15] , resulting in scepticism that our inability to conclude causation between occupational activities such as lifting and LBP is simply due to epidemiological obfuscation and convoluted statistical analyses that ignores both routine clinical expertise and common sense [6] . However, a balanced viewpoint takes into account both the rigour and validity of the scientific literature and the nature of the Bradford Hill criteria, which have been utilized extensively to assess causation, despite documented limitations [36, 37] . In the last few years, causal relationships between vitamin D and cancer prevention [38] , dietary factors and coronary heart disease [39] , tea, flavonoid consumption and stroke [40] , antipsychotic drugs and diabetes [41] as well as antidepressants in bipolar disorders [42] have all employed the Bradford Hill framework.
Given our findings pertaining to occupational physical activities and LBP, and the findings of Lozano-Calderon et al. [35] of misconceptions about carpal tunnel syndrome, it is reasonable to ask whether the Bradford Hill framework poses an insurmountable challenge to establish any causal relationship. A recent SR assessing dietary factors and coronary heart disease reported a strong protective association between a high-quality diet, vegetables and nuts and a strong causal association between transfatty acids and a high glycaemic index [39] . Naturally, these associations fit with 'common sense', but more importantly, when the scientific literature on these dietary factors was systematically reviewed and subjected to the Bradford Hill aspects, a strong causal association was revealed, indicating that the framework can be satisfied where the clinical evidence is actually available.
Importantly, a distinction must be made between failure to identify evidence of a causal relationship and evidence against a causal relationship. In many cases, we found strong evidence that there was no causal relationship identified in the literature. In others, we found conflicting evidence, suggesting that studies of the same quality were reporting inconsistent findings with respect to causation of LBP. Arguably, these conflicting reports may be collectively interpreted as stating that 'convincing evidence for a causal relationship was not found', which is far less satisfying than 'strong evidence for the lack of causation was found'.
Despite a plethora of studies, our findings were unable to provide clear answers to questions confronting occupational health professionals, such as 'So, why does my back hurt doc?' [43] . While frustrating to those seeking definitive answers, it should be noted that these findings are consistent with recent evidence-based clinical practice guidelines (CPGs) related to LBP that highlight the futility of searching for a specific aetiology when the vast majority of patients have non-specific LBP that cannot be unequivocally attributed to a distinct pain generator [44, 45] . Although the search for specific pain generators may seem a worthwhile pursuit for clinicians, it may in fact detract from implementing simple recommendations from CPGs, which generally emphasize patient education, self-care, resuming normal activities and analgesics or spinal manipulation for acute LBP, with the addition of back exercises for chronic LBP [46] .
The magnitude of the problem of occupational LBP clearly mandates the need for further investigation of the topic. Four specific occupational physical activities demonstrated conflicting evidence for causation, including (i) twisting and/or (ii) bending, (iii) pushing/pulling and (iv) lifting. Further investigations focusing upon these four physical activities may result in stronger evidence to support causation, and if that be the case, experimental studies should be undertaken to measure the impact of minimizing their exposure on LBP. Future research should ensure that common methodological deficiencies identified in our SR are not repeated. It would be particularly helpful if studies added HQ data that led to stronger evidence for causation in specific subcategories of physical activities (e.g. lifting of specific weights, bending at a specific degree) or in specific subpopulations of workers. As well, interventional studies that directly reduce exposure to the occupational physical activities that may have a causal relationship could provide additional evidence for causation and potentially reduce the incidence of occupational LBP.
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Key points
• Low back pain is a common occupational concern.
• Although a recent comprehensive systematic review, presented in eight systematic review reports, uncovered a large body of scientific literature on this topic, there was no strong evidence to support a causal relationship according to the Bradford Hill framework between bending/twisting, awkward postures, sitting, standing/walking, carrying, pushing/ pulling, lifting, manual handling/assisting patients and low back pain.
• The magnitude of the problem of occupational low back pain clearly mandates the need for further investigation of the topic, but it is vitally important that future research ensure that common methodological deficiencies identified in our systematic review are not repeated. 
